Abstract. Nano-laminated films of Copper (II) Phthalocyanine (CuPc) and porphyrin (Por) derivatives bas been investigated. Here an attention is focused upon the molecular orientation in monomolecular layer and nano-laminated films of symmetrically substituted CuPc and Por dertivative by means of the method such as polarized UV-visible spectra and surface pressure-area (π-A) isotherm.
Introduction
A great deal of interests has been devoted to the thin films consisting of phthalocyanine (Pc) and Porphyrin (Por) derivatives which are well known compounds owing to their thermal stabilities, unusual chemical and physical properties in comparison with other organic semiconductor materials. The monolayer and nanometer assembly films of these macrocycle derivatives by means of Langmuir-Blogdett (LB) technique allow functional molecules to be arranged in a highly ordered structure and offer the possibility of application in many aspects [1] [2] [3] . In this paper, of particular interests are determination of the molecular orientation in the film. Structural studies of Pc and Por films have fallen far behind to the studies of their physical properties. Therefore, based on the traditional methods and improve technique we have further started the investigations of the key problems of structural characterization of nanomolecular layer films by use of surface pressure-area (π-A) isotherms and polarized UV-vis spectra which are very powerful nondestructive techniques for exploring molecular aggregation, orientation, and molecular structure in films.
Experiments
For improving the film forming properties the symmetrically substituted Pc and Por derivatives synthesized were 5,10,15,20-tetra-(p-theoxy carbonyl-benzene) porphine [TPETPP] and tetrakis (2, 4-di-tert-pentyl penoxy) phthalocyanine copper (II) { CuPc[dtpp] 4 }. They were prepared according to the procedures reported by Snow et al [4] [5] . Details of the preparation and characterization were described elsewhere [5] [6] . Porphyrins were prepared according to the method reported in our previous paper [7] . KSV-5000 Langmuir trough (Finland) with a Wilhelmy balance and domestic LB trough were employed for the surface pressure-area (π-A) isotherm measurements and the LB films fabrication. Polarized spectra of films were observed using a UV-VIS spectrophotometer (Shimadzu UV-3000).
Determination of the Molecular Orientation
One of the striking characteristics of ordered organic molecular films is the orientation of the layer molecule, which determines the functional feature of the films and continues to attract research interests. Since the plane dichroism of Pc films could be characterized by polarized UV-Vis absorption spectra, UV-vis spectra of CuPc and Por in solution and condensed state film were measured. Among them representative spectra of CuPc[dtpp]4 are shown in Fig. 1 . The characteristic absorption peak observed in solution at approximately 680 nm has been assigned to phthalocyanine ligand-centred π -n* transition and shows that monomers dominate in chloroform solution. The weak peak at 621 nm is due to the existence of a small amount of associated species in solution. Fig. 1 also shows the characteristic band at 621 nm is obviously enhanced and is explained by CuPc molecules existing mainly in associated species and the number of monomers being considerably reduced in the film.
For study of the molecular orientation condensed in the film the macrocycle is considered as a flat circular plate on which π-π* transition dipole is uniformly distributed according to Yoneyama [8] . The experimental data and calculation results are listed in Table 1 . In the calculate equations and Table 1 , A || and A ⊥ are the absorbance of the film for polarized light with electric vectors both parallel ( || ) and perpendicular (⊥ ) to the dipping direction, respectively. The dichroic ratio D β can be expressed as A || /A ⊥ . The coordinates (x, y, z) and incidence angles in the optical geometry are given as following: y-axis is dipping direction of the film, z-axis is a normal line of the substrate of the film; the orientational angles θ is between z-axis and a normal line of macrocycles; φ is between x-axis and XY plane projection of the normal line of macrocycles; β' is incidence angles for direction of polarized incident light on the substrate of the film; the refraction angle  β = sin -1 (n -1 sin -1 β') and refraction index in the film n = 1.39; A || and A ⊥ can be obtained from polarized UV-VIS spectra. The molecular orientation of various Pc and Por macrocycle plane in ordered films has systemically been studied by the information of area per molecule from π-A isotherm. Among these π-A isotherms representative isotherm of CuPc[dtpp] 4 and TPETPP are shown in Fig. 2 . The collapse pressure of molecules and the area per molecule obtained by extrapolating the π-A curve (or the limiting area at zero pressure) and other properties of CuPc and Por derivatives is 46 and 43 mNm -1 respectively. It is seen that the area occupied by per molecule is 0.64 and 0.72 nm 2 respectively in the films of symmetrically substituted CuPc[dtpp] 4 and TPETPP. As we know, as the minimum plane area occupied by macrocycle of Pc and Por molecule would be 1.6 nm 2 and the surface area of the edge is 0.4-0.8 nm 2 by surface pressure-area (π-A) isotherm, etc. According to According to the area per molecule found in our study, the monomolecular ring area for Pc and Por in film are less than that of real macrocycle area. The measured data and plus calculation of molecule area in the film is 1.31 and 1.30 nm 2 is incompatible with an arrangement of the macrocycle parallel to the water surface (or substrate surface) in which area value should be near 1.6 nm 2 . In the same reason the rings are not perpendicular to the surface either. This indicate a tilted of the planes of macrocycle with respect to one another for both CuPc[dtpp] 4 and TPETPP.
